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NATIONAL ADVISORY COMMI5TE;TC FOR AERONAUTICS 
TECHNICAL NOTE NO.  464 
A COMPLETE TANK TEST OF A MODEL OB1 A FLYING-BOAT 
HULL - N . A . C . A .  MODEL NO. 11 
By James M. Shoemaker and John B. Park inson  
T h i s  n o t e  d i s c u s s e s  t h e  l i m i t a t i o n s  of  t h e  conven t iona l  
t a n k  t e s t  of a seap lane  model. The advantages  of a complete 
t e a t ,  g i v i n g  t h e  c h a r a c t e r i s t i c s  of t h e  model a t  all Bpeeds,  
l o a d s ,  and trim a n g l e s  i n  the u s e f u l  range a r e  p o i n t e d  o u t .  
The d a t a  on N . A . C . A .  Model No .  11, ob ta ined  from a com- 
p l e t e  t e a t ,  are p r e s e n t e d  an8 d i s c u s s e d .  ' The r s e u l t a  are 
analyzed  t o  detcrmfne t h e  b e s t  t r i m  ang le  f o r  each speed and 
load .  The d a t a  f o r  t h e  b e s t  a n g l e s  are 'rednced t o  nondimen- 
s i o n a l  form fo,r e a s e  of comparison and a p p l i c a t i o n .  _. 
A p r a c t i c a l  problem u s i n g  t h e  c h a r a c t e r i s t i c e  o f  Model 
No. 11 i o  p r e s e n t e d  t o  show t h e  method of c a l c u l a t i n g  t h e  
take-of f  t ime and run  of a seap lane  from thee6  d a t a .  
I N T R O D U C T I O N  
-. 
The conven t iona l  t e s t  of a f ly ing -boa t  hu l l  or sea- 
p l a n e  f l o a t ,  as c a r r i e d  out  i n  t h e  B.A.C.A.  t a n k ,  i s  de- 
s c r i b e d  i n  r e f e r e n c e  l. I t  i s  made under c o n d i t i o n s  t h a t  
a p r l y  only t o  t h e  seap lane  f o r  which t h e  h u l l  w a s  des igned .  
The l o a d  o n  t h e  model a t  r e s t  i a  t h e  gross l o a d  o f  t h e  
seap lane  m u l t i p l f e d  by t h e  cube o f  the l i n e a r  r a t i o  o f  mod- 
e l  t o  f u l l  s i z e .  At any speed t h e  wator-borne l o a d  l e  re- 
duced by means of a vane running i n  t h e  wa te r  and a c t i n g  
on t h e  model suspens ion .  This  l i f t f n g  d e v i c e  i< s o  aaJUX--- 
ed t h a t  i t  reducas  t h e  mater-borne l o a d  t o  zero a t  t h e  get- 
away speed o f  t h e  model, which is equal  t o  t h e  get-away 
speed o f  t h e  seap lane  m u l t i p l i e d  by t h e  squa re  r o o t  of the  
l i n e a r  s c a l e .  S i n c e  t h e  wa te r  f o r c e  on t h e  l i P t i n g  vane ' 
v a r i e s  at3 the square  o f  t h e  speed ,  n e g l e c t i n g  s c a l o  e f f e c t ,  
t h i s  sgstem is e q u i v a l e n t  t o  assuming t h a t  t h e  wings o f  
- _  
c 
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the a i r p l a n e  remain af a cons tan t  l i f t  c -oo f f i c ion t  co r ro -  
spond ing  t o  t h e  get-away speed ch0881.1, and that there I s  
no wind. 
Thfe method o f  t e s t i n g ,  which m a y  be o a l l e d  the  fibxi 
drovanelf method, is s a t i s f a c t o r y  for etudyfng models at  
speeds i n  the regfoa of maxinurn res2stance.. 4% on8 ha12 
the get-away speed t h e  water-borne l o a d  i s  s t i l l  three 
q u a r t e r a  o f  t h e  t o t a l ,  so tha t  reasonable changes In the 
aerodynamic lift c o e f f i c i e n t  have o n l y  a slight effect up- 
on t h e  water  r e e i s t ~ n c e .  A t  epeade n e a r  gebaway, howov- 
o r ,  a r s l a t i v e l y  s m a l l  change i n  angle o f  attack w i l l  p r o -  
duco a l a r g o  chango i n  t h o  l o a d  on tho wrator,  banco Zn t h o  
wator r a s i a t o n c o ,  
D i f f i c u l t i e s  a r i s e  i n  c a l c u l a t i n g  the e f f e c t  of wind 
o r  a change In getmaway speed from t e s t s  made w i t h  the 
hydrovans. Diehl p roposes  a method (reference 2, p. 261) 
based on the  a s s u a p t i o n  that ,  f o r  a gfven g r o s s  l o a d  on 
the h u l l ,  t h e  r a t i o  of load t o  r e s i s t a n c e  A / 8 ,  is tho 
same at a given f r a c t i o n  of t h e  get-away speed 
gardlese of  t h e  a c t u a l  value o f  the getdaway epeed. The 
method a e r v e ~  we21 i n  the  absence of more doflnite fnfor- 
matiorr ;  however, computatione based on complete data show 
that t h e  r e s u l t s  may be s e r i o u a l y  i n  error., p a r t i c u l a r l y  
at h i g h  speeds,  Consequently the sffsct of  wind, of 
changes in r i n g  setting, o r  of wing l oad i sg  cannot  bo atud- 
i e d  s a t i e f a c t o r i l y  u n l e s s  additional t e s t s  are made oovor- 
i n g  all t h e  c o n d i t i o n s  i n  which the  dosignor may be tutor- 
asterd. 
A f u r t h e r  d i sadvan tage  o f  the hynrovage method of 
t e s t i n g  is e n c o f ~ i F e r d  fn any general study of hull formg. 
Proude's l a w  o f  model simiii tude (see r e f e r o n c e  1) reguiros 
that  the ratio be t h e  same f o p  t h e  modo1 a h  the-full- 
s c a l e  h u l l ,  at  co%respond$pg speeds, in orde r  that data 
can bo convartod from one t o  t h o  o t h e r ,  'Pho madol data 
f r o m  hydrovana t e s t s  op vagioua hull forms c4n t h e r e f o r e  
be compared only when t h e  r a b i o  of - 5 s  the BWB i n  each  
i n s t a n c e ,  which i s  lrot a r d i n a r i l y  t he  case, Eigreover, there 
i e  no a s su ranc0  t h a t  t h e  hulls were o p e r a t i n g  a t  bast load: 
that  i s ,  a sma l l e r  o r  larger hql1 of t h e  B & ~ B  f o r m  might 
have given b e t t e r  results at the design: load than the hell 




These c o n a i d e r a t i o n s  lead t o  t h o  conclusZoa that for 
r e s e a r c h  purposes i t  i s  necessary t o  find the  water chsrac-  
i 
N . A . C . A .  Irechnical--$7ote No. 464 3 
¶ 
t e r i s t i c s  o f  a h u l l  a t  a l l  t h e  speeds ,  l o a d s ,  and t r i m  
a n g l e s  t h a t  nay be o f  i n t e r e s t  i n  connec t ion  w i t h  any 
a i r p l a n e  des ign  f o r  which t h e  h u l l  i s  s u i t a b l e .  This  
t y p e  o f  t e s t  i s  sugges t ed  by Seewald ( r e f e r e n c e  3) and 
d e s c r i b e d  i n  d e t a i l  by Schroeder - ( r e f e r e n c e  4) .  As y e t  
t h e r e  i s  no accumula t ion  o f  data on hull8 t e s t e d  in t h i s  
manner. As t h e  m a t e r i a l  i s  made a v a i l a b l e ,  however, t h e  
des igne r  w i l l  be a b l e  t o  s e l e c t  t h e  b e s t  form and s i z e  
of h u l l  f o r  h i s  p a r t i c u l a r  d e s i g n  an6  t o  de ta rmine  it6 
t a k e - o f f  c h a r a c t e r i s t i c s  much as he n o w  chooses an a h -  
f o i l  from wind-tunnel t e s t s .  
N . A . C . A .  Model Bo. 11 was t e s t e d  by t h e  c o r q l e t e  neth- 
o d .  T h i s  hull i s  t h e  p a r e n t  o f  8 s e r i e s  developed from 
i t  by nakfng s y s t e s l a t i c  changes i n  l e n g t h  and beaF. The 
c h s r a c t e r i s t i c s  o f  t h e  other  hodels  o f  t h s  fanmy wTli be 
p r e s e n t e d  in l a t e r  r e p Q r t s .  The water  c h a r a c t e r f s t i c s  o f  
; fode l  No. 11 a r e  g iven  i n  t h i o  n o t e  as we11 a8 an example 
app ly ing  t h e  data t o  a design problem. 
I -  ..- - -  
TEST OF MODEL NO. 11 BY COMPLETE METHOD 
Apparatus  and Procedure  
The N . A . C . A .  t a n k ,  i t s  equipment, and g e n e r a l  t e s t  
p rocedure  a r e  d e s c r i b e d  i n  r e f e r e n c e  I. T h e  l i n e s  of Mod- 
e l  No. 11 a r e  given i n  f i g u r e  1 and t h e  o f f s e t s  i n  Eable 
I. R'or t h e  complete typo  o f  t e s t  u s e d  f o r  t h i s  node l  the 
l o a d  o n  t h e  water  i s  a d j u s t e d  by coun te rba lanc ing  t h e  mod- 
e l  t o  zero displacement  and then  removing s u f f i c i e n t  coun- 
t e rwe igh t  t o  equal  t h e  d e s i r e d  l o a d  f o r  any t e s t  p o i n t .  
The c e n t e r  o f  moments ( s e e  f i g .  I) is a r b i t r a r i l y  chosen 
t o  cor respond a p p r o x i n a t e l y  t o  t h e  oenter -of -gravicy  p o S 5  
t i o n  f o r  t h i s  type  o f  h u l l .  T r i m  a n g l e s  a r e  measured be- 
tween t h e  h o r i z o n t a l  and t h e  baee  l i n e  o f  t h e  nodel .  
- 
- - - -- __I 
The schedu le  of t e s t  p o i n t s  fs shown i n  f i g u r e  zy - - -  
Runs a r e  made a t  c o n s t a n t  speed and t r i m  a n g l e ,  The l o a d  
i 8  vaFied  by a d j u s t i n g  t h e  counterweight .  By t h i s  method 
s e v e r a l  t e s t  points a t  the s lower  speeds-  c a n ' b e  ob ta sned-  
d u r i n g  one run o f  the  towing c a r r i a g e .  The water  + _.- r e s i s t -  
ante, d r a f t ,  and moment r e q u i r e d  t o  hold'the f i x e d - t r l n " :  
ang le  a r e  measured f o r  each p o i n t .  T b o s e  combination o f  
t h e  independent v a r i a b l e s  - load, speed ,  and a n g l e  - whish 
a r e  o b v i o u s l a -  o u t s i d e  t h e  useful w o r k i n g  range  a r e  omi t t ed .  
Enough d i f f e r e n t  t r i n  a z g l e s  a r e  t r i e d  f o r  each load and 
speed,  however, t o  es tab l i sh  the c ros8  curve  o f  r e s i s t a n c e  
c 
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a g a i n s t  t r i m  angle, and t o  i n s u r e  t h a t  t h e  a n g l e  g i v i n g  
m i n i m u m  r e s i s t a n c e  is included.  
R e s u l t s  
. .  . 
- -  
1-1- Methods o f  d e r i v i n g  and p r e s e n t i n g  data.- The ~ p e e d ,  
l o a d ,  t r i m  a n g l e ,  r e s i s t a n c e ,  trimming moment, and d r a f t  
f o r  each t e s t  p o i n t  a r e  g iven  in t a b l e  11. Res i s t ance  
and moment a r o  p l o t t e d  a g a i n s t  spesd ,  n t t h  l o a d  as a pa- 
rameter ,  i n  f i g u r e s  3 t o  6 ,  Each f i g u r e , p r e s e n t e  t h e  
c h a r a c t e r i s t i c s  o f  t h e  model a t  one angle .  The v a l u e s  
given were ob ta ined  d i r e c t l y  from t h e  t e s t  d a t a  by deduct- 
i n g  t h e  usual t a r e s e a s  dosc r ibed  i n  r e f e r e n c e  1. It ehould  
be noted t h a t  t h e  a i r  d rag  o f  t h e  model i s  included In the 
ffnal r e s i s t a n c e  becausd t h e r e  i s  no f e a s i b l e  mothod o f  de- 
t e rmic ing  t h e  a i r  drag  of a m o d e l  running on t h o  water a t  
a l l  t h e  d r a f t s  and t r i m  a n g l e s  encountered. The converel-n 
o f * B a l r  drag from model  t o  full s c a l e  f o l l o w s  the same law 
as  tha t  f o r  water r e s i s t a n c e  except  f o r  e r r o r 0  ir , troduced 
by s c a l e  e f f e c t ,  towicg-gear i n t e r f e r e n c e ,  and  d i f f o r e n c e e  
in above-water fcxu between t h e  nodel and t h e  f u l l - s c a l e  
halls. Since the a i r  drag F a  never large compared t o  the  
wntor r e s i e t a n c e ,  t h e s e  e r r o r e  e r e  be l i eved  t o  be w i t h i n  
t h e  accuracy  o f  the t e s t  da t a ,  Then t he  r e s u l t s  are ap- 
p l i e d  t o  a take-off  c a l c u l a t i o n  t h e  p a r a s i t e  drag  of t h e  
h u l l  should,  of c o u r s e ,  be omlkted i n  d e t e r n i n i n g  t h e  a i r  
drag of t h e  a i r p l a n e .  
The o r i g i n a l  d . a t a  as g iven  i n  t a b l e  I1 and figures 
3 t o  6 a r e  d i f f i c u l t  t o  apply  becau_ae t h e r e  a r e  t h r e e  in- 
dependent v a r i a b l e s :  speed,  load, and t r i m  ang le .  For 
mos t  w o r k  one  of t h e s e  v a r l a b l e s  can be elirainatEtd i n  the 
fo l lowing  manner. A t  e ~ c h  epeod and l o a d  t h e r e  is gener- 
a l l y  one t r i m  a n g l e  f o r  which t h e  r e s f s t a n c e  i s  a minimum. 
S o  f a r  as p o s s i b l e  the  h u l l  should be r u n  a t  t h l s  b e a t  
angle. I n  o rde r  t o  determine t h i s  m i a i m u r n  r e e l s t a n c e  and 
t h e  angle at which i t  occur s ,  t h e  o r i c i n a l  r e a i s t a n c e  
cu rves  f o r  aach l o a d  were c r o s s - p l o t t e d  a g a f n e t  ang lo  f0.r 
a s e r i e s  of epeeds. Theso r e s u l t s  were t h e n  c ross - f a l r ed  
a g a i n s t  l o a d ,  a t  c o n s t a n t  speed .  The valuas nere reduced 
t o  nondimensioaal f o r m  t o  a i n p l i f y  comparieqn w.itb, other 
h u l l  f o r m e .  . -  .- 
F 
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J?ondimensional c o e f f i c i e n t s , -  The c o e f f i c i e n t s  u s e d  
a r e  d e f i n e d  as f o l l o w s :  
A Load c o e f f i c i e n t  CA = - 
W b 3  
;vhere 
x Resistance c o e f f i c i e n t  CR = - 
wb3 
Trimming-moment c o o f f i c i o n t  C!u = --- M 
B S p e d  coofficiont CV = - 
J-Z 
A ,  l o a d  on t h e  w a t o r  
water r e s i s t a n c e  
weight d e n s f t y  o f  
w a t e r  
b, bean o f  hull 
M, trimming moment 
a .  
speed 
g, a c c e l d r a t i o n  of 
gravity 
lb. or kg 
lb./cu.ft.  o r  kg/m3 
f t .  o r  a 
l b r = f t .  o r  a-kcg 
- _- - . -  
f t . / s e c ,  o r  m/s 
. -  
fk . /sec? o r  m / s 2  
Note: n = 63.6'lb./cu.ft.  f o r  t h e  wa te r  i n  the 
N . A . C . A .  tank. 
These c o e f f i c i e n t s  were der ived  from Xroudels l a w  of 
comparison and apply  t o  any a i z o  of hull. The beam vas 
chosen a f t . e r  c o n s i d e r a b l e  s tudy  as the only practicable 
dimension t o  u s e  i n  reducing; the r e su l t s  t o  nondimensfonal 
form. 
The c h a r a c t e r i s t i c s  o f  the model, u s i n g  these c o e f f i -  
c i e n t s ,  a r e  p r e s e n t e d  f n  f f g n r e s  7 and 8 as cu rves  bf b e e t  
angle To and minimum r e s i s t a n c e  c o e f f i c i e n t  CR agai'nsfi 
sgead c o e f f i c i e n t  CV,  w i t h  the l o a d  c o e f f i c i e n t  CA as- 
a parameter .  Yigure 9 p r o s o n t s  tho same data aa f i g u r o  8 ,  
t h f s  f o r m  tho r o s u l t s  c&Kbo f e d  t o  take-off  c d c u l a - '  
w i t h  Cb as t h o  abscissa and 
t i o n s  w i t h o u t  i n t o r p o l a t i n g  f o r  CA. 
as the paramotor.  In 
- 
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Accurecx.- The o r d e r  of p r e c i s i o n  a t t a i n e d  in meaeur- 
i n g  t h e  various q u a n t i t i e s  is a8 f o l l o m :  
Load  
Res i e t ance  
Speed 
_- 
. T r i m  angle 
T r i m i i n g  
moment 
f0.1 lb. 
f0 .1 f t . / s ec .  
f o o l 0  
The moment and r e s i s t a n c e  p o i n t g  o c c a e i a n a l l y  lie 
cone ide rab ly  f a r t h e r  from t h e  cu rves  t h a n  t h e s e  l i m i t e .  
Such d e v i a t i o n s ,  however, u s u a l l y  occur where the model 
i e  running under uns teady  c o n d i t f o n s ,  and  a u p l i c a t i o n  
o f  r e a d i n g s  w o u l d  be impossible  e v e n  wi th  appa ra tus  hav- 
ing  no  e r r o r  whatever.  The cu rves  a r e  c a r e f u l l y  f a l r e d ,  
and a re  be l i eved  t o  reprefient average  va luee  t o  agpmwrf.- 
mataly t h e  p r e c i s i a n  listed. 
Discues ion  o f  Result8 
V a r i a t i o n  o f  r e e i a t a n c e  and moment wi th  speed.-  The 
curve6 i n  f i g u r e 8  3 t o  6 show t h e  behavior  of the hull as 
a p l a n l n g  b o a t  running a t  c o n e t a i t  load. The r e a i e t a n c e  
in every  C B B B  r ises  t o  a maximum a t  about 1 6  feet per sec- 
ond for t h i s  model. As planing becomes effective t h e  re- 
a i s t a n c e  decreases u n t i l  a speed o f  20 t n  25 f e e t  per 8ec- 
ond 2s reached.  At highbr speede t h e  r e s i 6 t a n c e  r i e e e  a- 
g a i n ,  because o f  the l a r g e  i n c r e a s e  i n  skin f r i c t i o n ,  due 
in p a r t  t o  t h e  b l i s t e r  f r o m  t h e  main s t e p  which wet0  the 
a f t e r b o d y  at high speeds and l i g h t  loads. An except ion  
t o  t h i s  i e  found in t h e  ciirvea f o r  l o a d e  o f  5 pouade and 
10 pounde a t  7 = 90 ( f i g .  6 ) .  Under t h e s e  cond i t ione  the 
main s t e p  is c l e a r  o f  t h e  water and  t h e  load ie carried on 
the p o i n t e d  second s t e p ,  eliminating the interfering b l i e -  
t e r  and g i v i n g  l o p  r e s i s t a n c e .  Unfo r tuna te ly ,  t h e  nose- 
heavy moment a t  this p o f n t  i s  s o  high t h a t  t h i 8  charnc ter -  
i s t i c  has no p r a c t i c a l  application. 
The trinniug-moment c - n v e s  a t  cons t an t  angle reach 
a maximum p o s i t i v e  ( t a f l -heavy)  value a t  approximately the 
speed of rnaximun r e s i s t a n c e .  As t h e  speed is increaeed 
8 
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t h e  moment drops and approaches a c o n s t a n t  s m a l l  v a lue  a t  
t h e  h i g h e s t  speeds .  
---- curves  o f  b e s t  t r i m  a n g l e  and minimum r6S i s t ance . -  
The cu rves  of -rP, t h e  a n g l e  f o r  minfmum r e s i s t a n c e ,  are 
g iven  i n  f i g u r e  7 .  They  how t h a t  t h e  g e n e r a l  shape o f  
t he  moment curve8 i s  s a t i s f a c t o r y ,  because t h e  b e s t  a n g l e  
also r eaches  a maximum v a l u e  a t  hump Epee3 md drops  o f f  
t o  a n e a r l y  cons t an t  v a l u e  o f  abou t  40 a t  t h e  h i g h e r  epesde.  
t r e n d  of r e s i s t a n c e  a g a i n s t  speed a t  cons t an t  load t h a t  h a s  
been noted  f o r  t h e  cu rves  a t  c o n s t a n t  a n g l e .  One v a p i a t i o n  
occur s  a t  a speed c o e f f i c i e n t  o f  about 1 . 6 ,  where t h e r e  5 8  
a d i p  i n  t h e  curve not p r e s e n t  i n  t h e  cons t an t - ang le  curve6 ,  
r e p r e s e n t i n g  t h e  p o i n t  at  whfch p l a n i n g  s t a r t s .  The bea t  
a n g l e  i n c r a a e e s  r a p i d l y  i n  th i s  regfon.  
k The cu rves  o f  minimum r e s i s t a n c e  ( f i g .  8 )  s h o w  t h e  same 
A p p l i c a t i o n  of c h a r a c t e r i s t i c s  at  bes t  . a n g l e . . -  The 
curves  o f  b e s t  angle and minimum r e s i s t a n c e  may be used  t o  
de te rmine  t h e  fo l lowing  i t ems ,  which are of f i r e t  impor. 
t a n c e  t o  t h e  d e s i g n e r :  
' 1. The b e s t  beam f o r  a g iven  h u l l  fo rm,app l i ed  t o  
a g iven  seaplane .  
2 .  The % e s t  a n g l e  o f  wing s e t t i n g  for a g iven  com- 
b i n a t  t o n .  
3. The h e a t  f o r m  o f  h u l l  f r o m  arnollg t h o s e  for which 
data f r o m  t h i s  t y p e  o f  t e s t  are a v a i l a b l e .  
Because o f  t h e  large number o f  va r i ab leB  involved ,  
t h e  c a l c u l a t i o n s  a r e  not  as s imple  a8 t h o s e  r e q u i r e d  f o r  
app ly ing  A. hydrovane t e s t .  As t h o  t e s t  r e s u l t s  on  a num- 
ber  o f  hu l l s  a r e  accumulated and exper fence  i s  ga ined  i n  
app ly ing  them, s h o r t  c u t s  w i l l  no  doubt sugges t  themselves .  
In any c a s e ,  t h e  m e t h o d  i s  a d i s t i n c t  improvement over  that  
of  guessipg at t h e  v a r i o u s  f a c t o r s ,  or o f  making tfie enor- 
mous  number o f  t e s t s  o f  t h e  hydrovane t y p e  necessa ry  f5 
e s t a b l i s h  - them. 
o f  hull w'i'tl  be  m a d B  i n  a l a t e r  r e p o r t ,  when data on sev- 
e r a l  h u l l s  a r e  a v a i l a b l e .  The r e s u l t s  have been applie'$> 
t o  a s p e c i f i c  des ign  in th; exanplo  o u t l i n e d  i n  t h i s  no%e. 
E f f e c t  o f  beam loading . -  I n  o r d e r  t o  de te rmine  the- 
- - _  




e f f e c t  o f  beam l o a d i a g  upon r e s i s t a n c e ,  t h e  l o a d / r e s l s t a n c e  
8 N.A.C.A. Technical  N o t e  No. 464 
r a t i o ,  AIR, i s  p l o t t e d  a g a i n s t  t h e  load c o e f f i c i e n t  OA 
Theee 
f o r  s e v e r a l  v a l u e s  o f  the speed c o e f f i c i e n t  
curve8 a r e  shown in f i g u r e  10. A t  a speed coe f i c i e n t  
o f  2.3, which corresponds t o  m a x i n t l r a  r e s i s t a n c e ,  AIR 
decreaeee  wi th  I n c r e a s i n g  CA, which means that decreas- 
i ng  t h e  beam ( i . e . ,  utiiiztg a a n a l l e r  hull) f o r  a given 
l o a d  i n c r e a s e s  t h e  hump r e a i s t a r c e .  At a somewhat h ighe r  
speed c o e f f i c i e n t  ( 3 . 4  f o r  this node l )  t h e  va lue  o f  A/R 
i s  found t o  be p r a c t i c a l l y  conetan t  for a l l  valxee of CA 
w i t h i X ;  t h e  range t e s t e d .  As t h e  speed is increntaod s t i l l  
more t h e  tendency reversee ,  as  shown by t h e  curves  f o r  
speed c o e f f i c i e n t s  o f  4.5 and 6.0. I n  t h e  high-speed 
range,  dec reas ing  t h e  bean f o r  a g iven  l o a d  reduces t h e  
r e s i s t a n c e .  
These t endenc ie s ,  which a r e  borne out  by pre l imina ry  
r e s u l t s  on t h e  o t h e r  hulls o f  t h i s  tgpe ,  guide the design- 
e r  i n  h i s  choice  o f  t h e  beet  beam f o r  a g iven  combination. 
If  t h e  f i r s t  t r i a l  c a l c u l a t i o n  shows loa eltce68 t h r a s t  a t  
t h e  hump and ample margfn a t  high speede,  t h e  beam ehnuld 
be made l a r g e r .  If t h e  margin o f  thruet a t  the  hump i s  
s a t i s f a c t o r y  but l l e t i c k i n g u  occurfa a t  high epeed,  smaller 
beam shou ld  be used.  I t  ehould be borne fa mind that where- 
& 8  a g iven  amount of excess  t h r u s t  r e p r e s e n t s  t h e  same ac- 
c e l e r a t i o n  ( i . e . ,  t h e  t ime r e q u i r e d  t o  i n c r e a s e  t h e  epeod 
one m i l e  an hour)  a t  any speed,  the dfst .ance run  in each 
second v a r i e s  d i r e c t l y  w i t h  t h e  speed. I n  ordor  t o  g e t  the  
b e s t  compromise o f  take-off t i a e  and run,  t h e  beam should 
be chosen t o  give sonewhat h i g b e r  exceBs t h r u a t  a t  h igh  
Bpeeds t h a n  a t  Oh0 hump. 
and  l o a d  o f  the airplane, when t h e  va lue  o f  CA i e  varied 
by changing t h e  beam, the  speed coefficient CV HJ+ 1s 
a l s o  changed, reducing  Bomewhat the gain obtained when the 
beam is declreased in a r d e r  t o  reduce the r e s i s t a n c e  at  high 
speeds .  A r e d u c t f a n  o f  t h e  beam i n c r e a s e s  CA but a l s o  
i n c r e a s e s  t3v, and i n  t he  high-speed range r e s i e t a n c e  f a  
i n c r e a s f n g  with Cy. The Change in Cv is sma11. however, 
compared with that in CA, s i n c e  t h e  beam e n t e r s  Cv as 
t h e  one-half power and C4 es t h e  cube. The t endenty  of 
narrower beams t o  give lower resistance at  high speeds f o r  
a g iven  speed and load o f  the a i r p l a g e  i s  t h u s  unck rnged. 
A t t e n t i o n  is c a l l e d  t o  t h e  f a c t  t h a t  f o r  a glY8n speed 
.B If t h e  speed c o e f f i c i e n t  hg&d been chosen as % X ("- * 
.\A 
, .  . 6 2 , .  . , 
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a cons t an t  speed e o e f f i c l e n t  a t  a g iven  l o a d  would- then  
r e p r e e e n t  a cons t an t  f u l l - s c a l e  speed,  r e g a r d l e s s  o f  beam. 
T h i s  c o e f f i c i e n t  w a s  n s t  chasen ,  h s a e v e r ,  becauae t h e  
s l i g h t  advantage  i s  more than  o f f s e t  by t h e  inc reased  la- 
bo r . invo lved  i n  t h e  take-of f  c a l c u l a t i o n .  - - -  
Moments a t  b e s t  angle . -  The moment c ' o e f f i c i e n t s  cor- 
responding t o  t h e  bes t - ang le  cu rves  a r e  not  g iven .  There 
i s ,  o f  cour se ,  a d e f i n i t e  trimming moment cor responding  t o  
each speed and l o a d  at b e s t  a n g l e .  Good curves  f o r  this 
q u a n t i t 3  are very  d f f f i c u l t  t o  e s t a b l i s h ,  however, because 
t h e  moment changes r a p i d l y  wf th  a n g l e  whereas t h e  r e s i s t -  
ance changes only s l i g h t l y  w i t h  a n g l e  i n  t h e  r e g i o n  n e a r  
minimum r e s i s t a n c e .  I f  a l l  t h e  aeroiiynamic moments a c t l n g  
on t h e  a i r p l a n e  were known a c c u r a t e l y ,  t h e  p r e c i s i o n  o f  
t h e  take-off c a l c u l a t i o n  could.  be somewhat improved by d8- 
t e rmin ing  t h e  c o n t r o l  f o r c e  necessa ry  t o  g i v e  t h e  d e s i r e d  
t r i m  a n g l e .  The l i f t  and drag  o f  t h e  h o r i z o n t a l  c o n t r o l  
s u r f a c e s  and  t h e  change in Prater r e s i s t a n c e  caused by t h e  
r e s u l t i n g  change i n  load could then be found. ThfS re- 
f inement does n o t  s'eem t o  be war ran ted ,  however, ana. i t  
is recommended tha t  t h e  moment be checked only a t  t h e  hump 
and near  t h e  &&away by r e f e r r i n g  t o  t h o  oP.fgina1 model 
data t o  I n s u r e  t h a t -  
is s a t i s f a c t o r y  and 
EXAMPLE 
- 
t h e  l o c a t i o n  o f  t h e  c e n t e r  o f  g r a v i t y  
t h e  e l e v a t o r  c o n t r o l  adequate .  
- 
OF TAKE-OFF CALCULATION 
---- General  data  f o r  aesumed f l y i n g  boat . -  The data f o r  
Model No. 11 w i l l  be a p p l i e d  t o  a take-of f  c a l c u l a t i o n  f o r  
a flying b o a t ,  The fo l lowfng c h a r a c t e r i s t i c s  o f  t h e  air-  
plane a r e  assumed t o  be given: - 
G r o s s  l o a d ,  A. - - - - - 15,000 lb. 
Wing a r e a ,  S, - - - -- - 1,000 s q . f t .  
.r 
b 
Power - - - e - - - - -  1 I 000 hp* 
E f f e c t i v e  a s p e c t  r a t i o ,  c o n s i d e r i n g  g r o u d  ef- 
7 -0 feet - -. -.- . - .  - . - . - . - .  
- -  - -  _ -_  
P a r a s i t e  d rag  c o e f f i c i e n t ,  exc ludtng  h u l l  - - 0.05 
A i r f o i l  - - - Clark P ( d a t a  t aken  f r o m  N . A . C . A .  
- _ _  
T X .  No. 352,.p. 26) 
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The curves of C, and CD for the complete airplane 
exclusive of hull, converted to aspect ratio 7 ,  are given 
i n  ffgure 11. The a i r  drag of the hull is included in the 
model resistance. It shonld . b e  noted that ground effect 
produces an appreciable increase io effective aspect ratio, 
and should be allowed for. A method for computing It i a  
g i v e n  in referwce 5 (p. 172) .  
I n  this example it is assuEed that there 1s no w i n d .  
P r o p e l l e r  thrust .- Accurate information on propellor 
thrust is necessary for determining the take-off perform- 
ance of the eeaplane. Curves of the engfne  torque and 
prup-eller thrust and torque ehould be used ff they are  a- 
vailable. Unfortunately, there le not much published in- 
formation on propeller characteristics at l o w  values of 
V / n D .  An N . A . C . A .  report givlng such data., expressly f o r  
take-off calcalations, is baing prepared. 
If exact Information is not available, any one of 
severa l  empirical methods may be used to find the thruet. 
Two of these ar8 given in reference 2 (pp. 133 and 262) 
and reference 6. Such methods should be usod with caution, . 
howover ,  particulary i n  tho ca8e  of geared propellere at 
high pitch settings, In this cas-e the root sections may 
be saalled at l o w  forward speeds, causing a eerious l o s e  
of thrust. For the Freeent example the thrust curve ha8 
b e e n  determined by the method given i n  reference 2 and l a  
shown in fignre 13a. 
----I Selection of be=.- The f i r s t  step in determining 
the water resistance is the selection of the proper beam. 
A number of formulas are in common use for determfning 
the beam but, s face  the b e s t  compromiee depends upon the 
characterietics of the hull used, they are only rough 
guides. The curv66 of figure 10 offer h eOmeWh8t better 
meens lor making a fifst approximation, which can be cor- 
rected after the final reeistnnce curve it3 conetructed. 
The smallest beam which does not make the hump resietancs 
seriouLly high should be  chosen, because a small beam is 
favorable to lo r?  resistance in t'qe high-speed range. Con- 
sideratfons of structural welght a l s o  favor a small  beam. 
It ehovld be noted, however, that excessive reduction in 
beam may c a u ~ e  objectionable spray characteristics. 
The hump of the total resistance curve w i l l  occur at 
approximately the same sgeed coefficient as t h e  pump of 
the best-angle curves Zn flgure 8 .  For Model Bo. 11 t h e  . 
e 
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value o f  Cv at the hun i s  about 2.3.  Reforring t o  I f g -  
uro 10, tho valuo of for t h i s  8pood i s  4.5 at .On = 
0.35. This valuo of A , k  is a b o x t  tlio l ovont  t h a t  w i l l  
givo s a t i s f a c t o r y  perfornanco at %!io hi imp;  honco tho boam 
should n o t  bo dpcroased  boyond t b i s  point. ,  at l o a s t  for 
tho  f i r s t  trial. 1% may bo assunod t h a t  t h o  load A at 
t h e  hump is roughly n ine  t o n t h s  of. tho groan l o a d ,  or 
13,500 pounds. 
m e  have then: 
13600.. 
9 0.35 = A 
ti4 x b3 
. l  
b = (  13500 f = 8.45 f t .  0, 101.5 i n .  - 64  X 0.35 
This value agrees reasoilably well wiith current p r a c t i c e .  
Tho following numerical r e l a t i o n s  can POW be es tab-  
.- l i shed:  
I 1 '  A 
z B  
cR 38500 
= 1.185 %L Ira .. . . 
A i r  drag = 1.185 CD V".. 
Solaction of e,n?,of w i n g  sattin2.- The v a l u e s  o f  bL 
and CD ( f i g ,  11) diipend uqon t h e  ar,gls of a t t a c k  of t h e  
wfng, which equals t h e  t r i m  angle T p l u s  the angle o f  wing 
s e t t i n g .  Since the air l i f t  and drag have l i t t l e  effec3 at  
the  hump, t ho  wing s e t t i n g  shoiil8 be chosen io' give t h o  
l east  t o t a l  s i r -p lus-water  r o s f s t a n c c  nokr €ha got-away, 
A s o t t i n g  giving the least ros f s tance  at a speed equal t o  
85 p e r c e n t  of t ho  stallii1.g spood s o e m  t o  be a good c o ~ ~ ~ p r o ~  
m i s e .  
. .- 
a 
12 N . A . C . A ,  Technical B o t e  Bo. 464 
The stalling. speed for t h i s  example, w i t h  CL 
- .  .. 
1.415, is V, = (------ 1.5000 \ #  = (8,950)4 = 94.6 f . p . 8 .  1.185 X 1.415) 
A t  85 p e r c e n t  V,, V = 94.6 X 0.85 = 80.4 f.p.6.; Cv = 4 . 8 6 ;  
l i f t  = CL ~ 1 , 1 8 5  X 80.4"= 7,650 CL; dTag  = 7,650 CD. The 
total r e s i s t a n c e  a t  t h i s  speed can  now be calculated f o r  a 
s e r f e s  o f  a n g l e s  o f  attack a8 shown i n , t h e  following t a b l e :  
Determination o f  Angle of Wing S e t t i n g ,  Cv = 4786 
cTr 
L, 1%. 
0.70 0.85 1.01 1.16 I .28  1.37 
5360 6 500 7720  8870  - -§'?OQ 10480 
A ,  1%. 9640 8 500 6130 7 2 8 0  6220 4520 
CA .250 0221 ,189 .159 
R, 1%. 
,0537 .0491 .0442' e0398 .OS62 -0333 
.. . .  
1700 1530 1399 1280 2070 1890 








In t h i s  table the wing angle of attack a s  .le 
chosen ae the independent varfable. CL i s r e a d  f r o m  f j g -  
ure 11 at the a p p r o p r i a t e  value  o f  a. 
L = Cy, -X 7,650 
A = 15,000 - L 
. 
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i s  r ead  f r o m  the curve i n  f i g u r e  12a at  t h e  c o r r e -  
sponding value of CA. P i g u r s  1 2 a  w a s  c ros s -p lo t -  
t e d  from f i g u r e  8 at Cv = 4.86 i n  the manner de- 
s c r i b e d  above f o r  the c u r v e s  i n - f i g u r e  9, 
c_q 
R = CR X 38,500. 
CD i s . r e a d  5rom f i g u r e  I l e  
. . -. 
D = CD X 7,650. 
The curva  of total d r a g  R 3. D, against a n g l e  o f  a t t a c k  
a, i s o g i v e n  i n  f i g u r e  12be I t s  minimum v a l u e  occurs  at  
a = l I  # 
At t h i s  ang le  of a t t a c k  CL = 1.22, L = 1.22 X .  7,650 = 
9,340, A =L 15,000 - 9,340 = 5,660, CA 3 f l  = 0,147. 850 
For t h i s  v a l u e  of CA, at Cv = 4,86 ( s o e  f f g .  7 ) ,  . .  the b e s t  t r i m  angle, To = 5.3' - 
The ang le  o f  wing s e t t i n g  t o  be used  i s  then  11' - 
5.30 = 5 .70 .  
T h f s  v a l u e  w i l l  b e  used  f o r  the f i r s t  approximation,  
For a more a c c u r a t e  d e t e r m i n a t i o n ,  complete take-off 
c a l c u l a t i o n s  can be made w i t h  v a r i o u s  a n g l e s  o f  wing Set- 
ting n e a r  t h i s  v a l u e  and t h e  e f f e c t  on take-off time and 
run found, 
t 
I- C a l c u l a t i o n  o f  r e s i s t a n c e . -  I n  o rde r  t a  r e a d  the re- 
s i s t a n c e  c o e f f i c i o n t  CR f r o m  f f g u r e  9, the l o a d  c o e f f f -  
c i e h t  CA m u s t  be known f o r  each spood. The load A ,  and 
consequent ly  CA, depends upon the air Iff€, which i n  t u r n  
depends upon t h e  a n g l e  of a t t a c k ,  hence on tho trim angle 
7. Tho b e s t  t r i m  angle ?o, givon f n  f i g u r e  7 ,  a l s o  do- 
pends upon CIA, s o  an approximatfon . aga in  boaomos aocos- 
s a ry ,  F o r t u n a t e l y  t h e  curves  o f  To f o r  a l l  l o a d s  l i e  
w i t h f a  about 1' of a mean, which i s  shown by a d o t t e d  line 
i n  that f i g u r e .  The use of t h i s  average  v a l u e  .of ?o makes 
f t  p o s s i b l e  t o  c a l c u l a t e  an approximate v a l u e  o f  CA, f r o m  
which a second a p p r o x i n a t i o n  o f  T , a c c u r a t e  enough f o r  
u s e  as a f i n a l  v a l u e ,  may be r e a d  ?,om f i g u r e  7.  
The c a l c u l a t i o n  i s  most r e a d i l y  c a r r i e d  o u t  in the 
f o r m  of  t a b l e  111, In  this t a b l e  the speed c o e f f i c i e n t  
b 
I 
14 N.A.C.A, T e c h n f c d  Rote No. 464 
Ov i s  chosen as t h e  independent v a r i a b l e .  Using the nu- 
merica l  r e l a t i o n s  a l r e a d g  establiehed f o r  this examplo, 
7 i n  t h e  f i r s t  approximatfon i s  road f r o m  t h e  moan 
curvo in figure 7 at t h o  corrosponding value o f  
cv 
a = t r i m  mg10 T + auglo of wing g e t t i n g  (5.~~). 
CL is read  f r o m  f i g u r o  11 at the  corresponding value 
of a* R 
L = CL X 1,185 V2. 
A = 15,000 - L. 
7 i n  t h e  second approximation i s  read f r o m  figure 7 
at the  a p p r o p r i a t e  value of Ov, i n t e r p o l a t i n g  
between t h e  curves o f  c o n s t a n t  CA t o  get T~ a t  
tho  vaL.l;s o f  CA o b t a i n e d  i n  t h e  T i r s t  a p p r o x i m a -  
tion. 
a, CL, L, A ,  and CA f o r  t h e  second-approximation a r o  - - 
t hen  ob ta ined  as b o f o s e .  
i s  road f r o m  figuro 9 at the  appropriato v n l u o e  
of Cv and Gb. 
R = CR X 38,500. __ .. . . . 
CD is road f r o m  figure 11 at tho  cor responding  value 
o f  a from the second a p p r - o Z T m a t i o n .  - 
I) = CD X 1.185 V 2 .  
alculatios of ta.ke-oL* t i m e . -  The curves of air drag 
D, a!d. t o t a l  r e s i s t a a n e  R f'D, f.ron t a b l e -  Xff, together 
w i t h  t h o  thTust curvo o f  t h i s  example, =a F;iven i n  f i gu re  
13a. The diYf e r o n c e  botmoon t b o  thrust -and.'_thq-valuo o f  
R + D at any speod roprosolitq tho Q ~ C O ~ S  t h r u s t  Te, 
a v a i l a b l o  f o r  acco lorat tng  t h o  B O P - ~ ~ Q ~ ~ O ~  If t>e k-otal 
woight is 1v p o - u d s ,  tho a c c o l e r 2 t i o n  a =- where g 
I 
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_. 
i s  the a c c e l e r a t f o n  of g r a v i t y .  
for take-off me have the r e l a t i o n  
4 
To get the . t L m e  requir-ed 
t = f  b dv 
o a  
mheb. 3 i s  p l o t t e d  against  v the v a l u e  oz t h i s  in- 
a 
t e g r a l  can be obtained as-the &r'es undor-the curve. This 
curve i s  given i n  f i g u r e d 3 b .  The. a r ~ a  i s  12.50 squaro 
i n c h e s ,  t o  a scale whorc 1 i n c h  = 20 f o o t  p e r  second o n  tho 
V ax i s  and 1 i n c h  = 0,2 A '" on the axis of $. Hence 1 
f t  
_- 
. -  
o f f  t i m e  i s  thus 12.5 X 4 = 50 sec .  
- - .  
-- -- 
' 
C a l c u l a t i o n  of t+e-off.-?- To g e t  the dis tance run 
i n  take-off  we have 
but as shown above 
hence ds = - v dV, a 
v = -  ds  
dt a s  = Vdt 
dV a t  = -a 
'8 = f-. 53 _. y .av a 0 
T t  
The curve o f  $ against V i s  g iven  in f i g u r e  13b. 
The a r e a  &der t-his curve ,  r e p r e s e n t i n g  the S i s t n n c e  
run, i s  7.80 square  fnckes  t o  a scale of 1 i n c h  -2 20 f e e t  
p e r  second, and 1 i n c h  = 20 6econds. One squa re  i n c h  t h u s  
r e p r e s e n t s  20 X 20 (ft./sec. X sec.) = 400 f e e t ,  The run 
* i s  7.80 X .400 =*3,120 f e e t .  
.- 
I nvestigation .- 03 a d d i t i o n a l  f a c t c r s  a f f e -c t ing  r e s i G -  - 
ante.- The above examplo shoEld  give a g e a e r a l  i d e a  pf hpw - 
the b e s t  a n g l e , d a t a  can be applied. The e f f e c t  of a s . m a J l  
dec rease  i n  beam should next  b e  investigato'd, inasmuch a8 
tho low e x c e s s  thrust iiear get-away resul ts  i n  a long t ake-  
off run. Tho e f f e c t  o f  pulling the soaplam up to a highor 
angle at get-away, r educ ing  Bg, can also bo'found br 20- .- 9: . -I . . .  
' ' . . , 3  I:, .:. 
. -  - .  
. .  
8 
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f o r r i n g  t p  t h o  o r i g i n a l  modal data. It should bo borno i n  
mind, however, that  trg should bo s u f f i c i e n t l y  highor  than  
t h o  s t a l l i n g  speed t o  i n s u r e  tha t  a s m a l l  d i e tu rbanoe  w i l l  
no t  s t a l l  the a i r p l a n e  a f t e r  i t  has l e f t  t h e  watsr. The 
va lue  of  Vg ob ta ined  i n  t h i s  example se8ms r8a0011able. 
i n  t h i s  example. These Inc lude  the  e f f e c t s  of t h e  t a i l  
l o a d ,  of t h e  v e r t i c a l  thrust  compoaont, and of t h e  s l ip -  
s t r o a m  on tho  wings, The t r ea tmon t  o f  such f a c t o r *  i s  
s t r a igh t fo rward  i f  one has data fr-om a complete t e a t ,  
S e v e r a l  re la t tve ly  minor f a c t o r s  havo been neg lec t ed  
Trimming moments at c r i t i c a l  rePians.-  The moments a t  
the  t w o  c r i t i c a l  r e g i o n s  have y e t  t o  be checked. For t h i s  
purpose t h e  o r i g i n a l  model data are used. T h D  beam of t h o  
model ( s e a  f i g .  1) i s  17.0 fnches ,  the  f u l l - s i z e  beam i e  
101.5 i nches ,  Tho l i n e a r  r a t i o  of  full size t o  modol i a  
thus m= 5.97. 
1 7  
The following f a c t o r s ,  ap;plied t o  t h o  modol. cha rac t a r -  
i s t i c s ,  convort  them t o  fu l l - s ize  valuee:  
Porces  (5.9~)~ x - 64 = 214 63.6 
Moments (5.97)4 X - 64 = 1,280 
64  The f a c t o r  - is the r a t f o  of t h e  dens i ty  o f  s t anda rd  
63.6 
63.6 
sea water t o  that of t h e  sa l t  wa te r  i n  t h e  tank. 
The f u l l - s c a l e  speeds a t  t h e  t w o  c r i t i c a l  p o i n t s  a r e  
approximately 36 and 95 f e e t  p e r  second. The l o a d a ,  f r o m  
i n t o r p o l a t i o n  i n  t a b l e  111, a r e  13,000 and 2 ,670  pounde, 
The t r i m  ang los  are 9.5" and 4.4'. Reduced t o  model s c a l o  
t h e  spsede  are 14.7 and 39 f e e t  per second and the l o a d e  
60.8 and 12.6 pounds.  The angles,  of cour se ,  remain un- 
changed. The moments, f r o m  the curves  o f  f i g u r e 8  3 t o  6, 
a r e  approximately 7.0 and -2.0 pound-feet,  reapectively.  
In f u l l  a c a l e  t h e y  r e p r o s o n t  znomonts of 8,950 and -2 ,560  
pound-f s e t  about the c a n t o r  of  moments i n d i c a t e d  on' ' the 
line drawing ( f i g .  1). These caa now be added t o  t he  
aerodynamic moments of t h e  a i r p l a n e ,  ob ta ined  e i t h e r  f r o m  
wind-tunnel t e s t  o r  by c a l c u l a t i o n ,  t o  insure that t h o  
center -of -gravi ty  l o c a t i o n  and a v a l l a b l o  control .  a r o  sat- 
i sf a c t  o ry .  
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Concluding Remarks 
. .  
I t  h a s  been t h e  purpose o f  t h i s  n o t e  t o  p o i n t  o u t  t h e  
advantages  o f  ths I1completeti t e s t  ovor t h o  usual hydrovane 
typo of t e s t ,  and t o  i n d i c a t e  by an example h o w  t h o  &ata 
can be a p p l i e d  t o  a take-off  problom, No c o r r a c t i o n  has 
boon mado t o  t h o  modo1 data for s c a l a  e f r o c t ,  whfcli f o  
. .  probably  small because of t he  compara t ive ly  l a r g e  size of 
t h e  mod'el. In any uase  there i s  not  y e t  a v a i l a b l e  enough 
in fo rma t ion  on t h e  s u b J e c t  o f  s c a l e  e f f e c t  t o '  f u r n i s h  a 
s a t i s f a c t o r y  basis f o r  c o r r e c t i o n ,  and t h e  e r r o r  i s  prob- 
ably. o n  t h o  safe s i d e .  
throughout  t h e  take-off run  w i l l  cause  a slight i n c r e a s e  
over t h e  c a l c u l a t e d  take-off t i m e  and run,  which nag be 
o f f s e t  by t h e  f a v o r a b l e  f a c i o r s  n e g l e c t e d ,  If t h o  b e s t  
t r i m  angle i s  held m i t h i n  1 in the  r e g i o n s  o f  l o w  e x c e s s  
thrust, and w i t h i n  2' o r  3' f o r  t h o  r e s t  of  t h o  run, t h e  
- 
_ _  
- - 
F a i l u r e  o f  the p i l o t  t o  m a i n t a i n  t h e  b e s t  t r i m  angle 
e r r o r  w i l l  not b e  s e r i o u s .  - 
.. . 
.Tests  o f  'this s o r t  on o t h e r  t y p i c a l  models w i l l  be 
p u b l i s h e d  as soon as the  r e s u l t s  a r e  a v a i l a b l e ,  I t  i s  be- 
lieved t h a t  an a c c u n u f a t i o n  of t h e s e  t e a t s  w i l l  f u r n i s h  
t h e  des igne r  a v a l u a b l e  t o o l  f o r  t h e  improvement o f  t h e  
ta&e-off c h a r a c t e r i s t i c s  of seaplanes, 
Langley M e m o r i a l  A e r o n a u t i c a l  Labora tory ,  
N a t i o n a l  Advisory Committee f o r  Aeronau t i c s ,  
L a n g l e f ' F i e l d ,  Va., June  17, 1933,  
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Test Data for P.A.Q.A.  Model Ho. 11 rlylng Boat Hull 
a i m  angle, T = 36 

























6.6 -1.6 6.8 
9.3 10.8 6.7 
11.4 14.2 6.6 
17.4 44.8 5.7 
6.6 -1.6 5.4 
7.9 9.0 6.3 
10 .o 10.8 6.a 
11.a 16.8 6.1 
14.6 38.0 6.3 
13.6 26.6 2.4 
14.1 aa.a 6.6 
14.7 48.4 3.a 
1 -  I 41.1 10.6 2.8 









13.0 9 .6 27.4 













































3o.a 9 e 0  i4.a 
38.0 1 11.1 I 11.6 8.0 
Q.5 





81.4 I a4.7 
angle, T So- 
Resietanoe Trimmlng 
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3.9 



































9 . 3  
9 . 4  
4 . 2  
5 .7  
6.6 
6 . 8  
6 .9  
7 .3  
8 .5  








4 .2  
5 .0  
6 .3  
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TABLE I1 (Oontlnued) 
f e e t  Data for  1J .A .O.A.  Yodel Ho. 11 Flyln Boat Hull 
(N.A.O.A. Tank nater  density 03.8 lb.$ou.ft .) 











-4 .9  
0 . 3  
2 .o 









3 . 3  
5.5 
7.6  
7 .6  
8 . 1  
8 .3  











1 .2  
3 .O 
-2.4 
-0 .0  
-1.5 
-3.3 
0 .3  
-1.5 







1 . 3  
1 . 7  
1.45 
1.4 
1 .3  
1 . 3  
1 . 3  
1.16 
1 . 3  40 14.1 
15.6 





9 . 4  
9.1 
8 . 3  
7 .8  
7 .7  
7.9 
8.5 
8 .7  
9.1 






9 .8  
9 -0 
3.7 













0 .9  
0.9 
6 .1  








0 .8  
0 .8  





51.1 5 . 1  
- T r l  
rrimming 
moment 
lb . -ft  . 
toru 
l b  
D r  i t  
step 
in. 
at  Reel e t  anoc l b  . rrimmiq moment 
1b.-ft 
Speed 











4 . 3  
4.25 
4 .2  
3.7 








































1 . 7  
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1 .8  
8 .7  ::sa/ 3.6 
22 *1 
7.3  
5 .5  
-  - 
1 .5  
















40.6 ' 6.8 
46.0 7.6 
61.4 8.6 
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Test Data for 1P.A.O.A. Yodel Ho. 11 rlyi Boat Eull 

































































30 a3.4 5.8 
31.6 






19.6 ' 21.1 






























17.6 1 16.7 ieio 16.5 
19.0 1 16.4 
lQ.4 16.4 
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.31.9 I 1 36.8 
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lAssuqing angle at get-a-y d = 9.5' 
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CWTtR Qp M 
t c I .  # #- 0' 
Figure l.-Lines of  B.A.C, .A,5 ,cdel  No. .ll 
. I ?. I .  
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50 
-. 
10 20 30 40 . 
Speod, f .I>. 6 .  
Figure 2.-Load schedule for T = 30, 5a, 7 0 ,  a ~ &  YO .- 
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.n m 8  
2 
V, Speed, f .p .  3. 
Figure S. -kA.C.A. , tank  t e a t  data for flying-boat hull Model N0.11, T = 7". 
i 
6 .  
Figure 6.-N.A.C.A. tank test  data for flying-boat. hull Model N0.11, T = 9". 
. .  
4 - .  c s I ’ I L * b ,  
.10 
I F \  
.4y Parameter = CA = A/wba 
’ 
.08 / + J  I 
GV” v/m 
Figure B.-Resistance coefficient at best t r i m  angles. Figure ~ . - C R  against CA at beat t r i m   angle&^ 
.I i 
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' !  
Figure lO.-Elffect o f , e &  an A/R' 
at best t r i m  angles 
I 
. .  - . . . . . .  
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Figurs.Il.-Lift and drag coefficients, . 
f o r  15,000-lb. flying boat using 
Model No.11 hu l l .  
' I  
. .  , ' I  
' I  
..... . . . . . . . . . . . .  . . . .  . .  I . .  - ',V, , , , , .. - . . .  
A 
obs CA = - 
12a 
12b, Angle of attack, ~ l ,  degrees 
. 
13b V, speed, f . p . 3 .  
Fi&es 1Pe and 12b.-Curves used i n  determina- . Figures 13a and 13b.-Take-off characteristics 
tion of best angle of wing setting a t  C1p4.88. of 16,000-1b.flying boat using Model N0.13 hull. 
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